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Introduction
In several European countries 20% or more of young
men may have abnormally low sperm counts relative
to World Health Organization criteria [1]. As each Ser-
toli cell (SC) can support a finite number of germ cells,
the number of SCs is a key factor in determining testis
size and the number of spermatozoa in adulthood [2]. 
In rats, SC proliferation is confined to the fetal,
neonatal and infantile period and ceases at 15th postna-
tal day (PND). It coincides with spermatogenic onset
and the initiation of spermatogenesis up to the first
meiosis [3].
The main hormone that positively regulates number
of SCs is FSH. Treatment with FSH of either intact
neonatal rats [4], or mouse lacking LH activity [5] evi-
denced increase of final number of SC. Consequently,
in animals lacking FSH activity  (FSHRKO, FSHKO
mice) there was a reduction in the final number of SC
[6]. The key role of FSH in setting the final size of SC
population in adulthood has been attributed to stimula-
tion of SCs proliferation rather than a survival [2,7]. 
The view that FSH is exclusive hormone stimulat-
ing SC proliferation has been challenged by recent
findings demonstrating that androgens may promote
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SC proliferation in fetal and early postnatal life in
mammals [8]. However, both reduced and excessive
fetal testosterone levels [8,9], or ablation of androgen
receptor (AR) action in ARKO mice [10], can lead to
decrease in SC numbers. 
In the present study we analyzed the impact of
postnatal testosterone administration on testis growth
and SC number in newborn rats in the windows of time
when AR on SCs is still absent and during the first
developmental appearance of AR on SCs [11]. The
possible intermediation of FSH or estradiol was tested
by measuring blood levels of these hormones.
Materials and methods
Animals and hormone treatment. Male Wistar rats, born on the
same day, were randomly divided into experimental groups of 7 to
9 animals. Each group was kept in a separate cage together with
lactating female. Animals were maintained at stable temperature
(22°C) and diurnal light-dark cycles (12L:12D) with free access to
food and water. Male rats were daily injected with 2.5 mg of testos-
terone propionate (TP) (Testosteronum propionicum, Jelfa, Po-
land) from birth until 5th PND and autopsied either on 6th PND
[TP1-5(6)] or on 16th PND [TP1-5(16)] (transient administration).
Other animals received TP continuously either from a day of birth
until 15th PND [TP1-15] or between 5th and 15th PND [TP5-15]
and were autopsied on day 16th. Control groups (C) received vehi-
cle (olive oil, Sigma, USA).
The dose of TP applied here was tested before in prepubertal
rats and had no effect on FSH secretion [12] and moreover, it
appears that this dose can provide satisfactory filtration of steroid
to the testes [13]. 
Experiment was performed in accordance with Polish legal
requirements, under the license given by the Commission of
Bioethics at the Medical University of Lodz, Poland.
Processing of the tissue. Animals autopsied on 6th or 16th PND
were anaesthetised with methohexital sodium (Brietal, Eli Lilly,
USA) and fentanyl (Fentanyl, Polfa, Poland). Blood samples were
taken by cardiac puncture for hormonal analysis. 16-day old ani-
mals were weighed at the autopsy. Then the testes were excised,
weighed and after fixation in Bouin's solution for up to 24 hours
processed through graded alcohols and embedded in paraffin wax
blocks. 5 μm thick sections of paraffin-embedded testes taken from
equatorial cross-sections of the organ were used for histology.
Hormonal assays. After centrifugation, blood serum was collected,
frozen and stored at -20°C until assays. All samples were measured
in the same assay. Rat FSH (rFSH) concentrations were determined
by double antibody radioimmunoassay (Amersham, UK) with the
sensitivity of 1.0 ng/ml. Concentrations of testosterone and estradiol
were determined by competitive immunoassay technique (Ortho-
Clinical Diagnostic Amersham, UK). The sensitivities were 
0.01 ng/ml for testosterone and 2.7 pg/ml for estradiol.
Morphometry of the testes. Sections 5 μm thick from equatorially
transsected paraffin embedded organs were stained with haema-
toxylin and eosin. Morphometric analyses were performed using
image analysis software LxAND v3.60HM (Logitex, Lodz, Poland).
Diameters of 30 seminal tubules cross-sections were measured for
each animal. The volume density (Vv) of the seminiferous tubules
was obtained by point counting as it was described elsewhere [4].
Randomly selected, 10 subsequent sections of the testis per animal
were examined using image analysis software, which was able to
overlap a square lattice containing 441 intersections on microscopic
picture at a magnification of 200×. The number of intersections on
the examined structure over the entire tissue section was counted by
predetermined and systematic movement of sections across the grid
without overlap. Vv was obtained by dividing the sum of points
falling on tubular transsections by the total number of points over the
tissue. The results were expressed as a percentage. In the same way
the volume density of interstitial tissue of the testes was calculated.
Absolute volume of the seminiferous tubules (V) was determined by
multiplying Vv by fresh testis volume (Vt): V= Vv × Vt. The spe-
cific gravity of testicular tissue is about 1.0, so we used the values
obtained for testicular weight as being equivalent to fresh testicular
volume. The total length of the seminiferous tubule (L) was calcu-
lated using the transformed standard equation for a tube model
(L=V/πr2), where V was the seminiferous tubule volume and r is the
radius of the tubule [4].
Sertoli cell number. Sertoli cells were identified on the basis of
morphological characteristics [14]. The number of Sertoli cells was
determined in 50 randomly chosen round cross sections of semi-
niferous tubules for each animal. Firstly, the diameter of 50 nuclei
of cells was measured using image analysis software LxAND
v3.60HM (Logitex, Lodz, Poland). Due to the irregular shape the
nuclei diameter was estimated as the average of the height and
width measurements. Then the count was corrected for section
thickness and nucleus diameter by the method of Abercrombie [15]
and the result was expressed per cross section of seminiferous
tubule. The total number of Sertoli cells per testis was calculated
from the product of total length of seminiferous tubule and cell
numbers expressed per cross section [16].
Statistical analysis. Distribution of the data was analysed using
Shapiro-Wilk's test. All data were normally distributed. Statistical
analysis of the data was performed using one-way ANOVA fol-
lowed by a post hoc test (Scheffe test). Data were presented as
mean ±SD. Differences were considered significant at p<0.05. 
Results
Serum hormone levels 
In the control groups serum level of estradiol was 20-
fold higher (p<0.001) and r-FSH was 1,7-fold higher
(p<0.05) on 6th PND than on 16th PND, while testos-
terone did not change (Table 1). Table 1 presents also
mean serum levels of hormones measured at the days
of autopsy after TP administration. In TP1-5(6) testos-
terone increased 2245-fold (p<0.001), the level of
estradiol drop to 8% (p<0.001), and r-FSH to 71%
(p<0.05) of C. Transient TP administration [TP1-
5(16)] did not influenced, but continuous administra-
tion increased 2064-fold in TP5-15 (p<0.001) and
2200-fold in TP1-15 (P<0.001) blood level of testos-
terone on the 16th PND. Serum estradiol was doubled
in TP1-5(16), TP5-15 and TP1-15 (p<0.05-
p<0.001),while r-FSH did not change. 
Testes weights, morphometry and Sertoli cell
number on 16th PND
After transient TP administration testes weight was
reduced to 65% of C [TP1-5(16)], but continuous
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administration produced diverse effects: reduction in
TP1-15 (p<0.001) and no change in TP5-15 (Fig. 1A).
Similarly, mean seminiferous tubules diameter was
reduced to 94% of C (p<0.05) and seminiferous tubule
length to about 65% of C (p<0.05) in TP1-5(16)
(p<0.05) and TP1-15 (p<0.05) and were not influenced
in TP5-15 (Fig. 1B,C). Mean SC number that was
reduced to 70-75% of C in TP1-5(16) and in TP1-15
(p<0.001), did not change in TP5-15 (Fig. 1D). 
There was no change in the volume density of inter-
stitial tissue after all treatments (data not shown).
Discussion
We have shown here that high levels of serum testos-
terone (more than 2000-fold increase) after TP admin-
istration inhibited testes growth and SC numbers when
acting during the first 5 neonatal days. Namely, when
on 16th PND continuous administration of testosterone
since birth produced the same effect like administra-
tion during first 5 PNDs, the administration of testos-
terone between 5th and15th PNDs had no effect.
We have shown here that neonatal rats secrete
estradiol in the amounts greatly extending those pre-
sented during further infantile period of the develop-
ment. The source are presumably testes as high aro-
matase activity in SC is presented from late fetal life
[17] and is subsequently translocated into Leydig cells
[18]. The physiological significance of high rate of
estradiol production in SC of neonatal rats would be
stimulation of the multiplication of gonocytes [19] as
well as of the first spermatogonia [20,21].
FSH is a main hormone responsible for SC prolifer-
ation [2,7], and the effect of FSH can be eliminated by
simultaneous administration of FSH with high dose
of estradiol benzoate in immature rats [7]. However,
we have shown here that decrease in serum estradiol
during first 5 PNDs by TP treatment resulted in
decrease in SC number on 16th PND. The explanation
would be decreased FSH secretion. In turn, in further
development, TP stimulated blood level of estradiol
associated with inhibition of testicular growth and SC
number. The increase in estradiol level might contribute
to sustained, reduced number of SCs in infantile rats in
the period that follows neonatal one. Our data suggests
that inhibitory effect of TP on testis growth and SC
number seems to be dependent on the inhibition of FSH
secretion in neonates followed by increased biosynthe-
sis of estradiol in further development.
FSH is recognized as the main hormone activating
SCs proliferation during early postnatal life rather than
stimulating their survival [22,23]. Deficient androgen
action in the fetal rat testis results in approximately
halving of SC number at birth [8]. Other studies
demonstrated, however, that excess of testosterone
during fetal development had detrimental effects on
sperm concentration and motility in adult sheep [9].
In the pioneering study of Robbaire et al. [13] it has
been shown that steroid hormones, when exogenously
administered, filter into the testis only when a circulat-
ing threshold is achieved. In our study the level of
blood testosterone fairly exceeded those observed in
Robbaire's study, suggesting possibility of filtration of
exogenous testosterone to the testis. Doubled level of
estradiol seen on 16th PND, with no changes in FSH
levels, may suggest that it was a consequence of
increased intratesticular testosterone as a substrate for
synthesis of estradiol. In 15-day-old rat interstitial tis-
sue possesses around 10% of Leydig cells morpholog-
ically similar to those present in the adult rats [24],
where testosterone enhances aromatase gene expres-
sion [25].
In our earlier study we have shown that the admin-
istration of testosterone to immature rats did not cause
any changes in SC apoptosis [26]. The influence of
androgens on SC proliferation during the neonatal
period was suggested based on the study on hypogo-
nadal mice (hpg) with depleted FSH and LH, and con-
sequently testosterone secretion [27]. The observation
that after birth the rate of SC proliferation in those ani-
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Table 1. Serum levels of r-FSH, testosterone and estradiol in rats autopsied on 6th PND treated with vehicle [C(6)], or 2.5 mg of testos-
terone propionate (TP) from the 1st till 5th PND [TP1-5(6)] and in rats autopsied on 16th PND treated with vehicle [C(16)] or 2.5 mg of
testosterone propionate (TP) in different periods of neonatal life [TP1-5(16), TP1-15, TP5-15] Values are presented as mean±SD.
Rats autopsied on 6th PND: a p<0.001, b p<0.05 vs. C(6);
Rats autopsied on 16th PND: c p<0.001;d p<0.05 vs. C(16);
ep<0.001, fp<0.05 - C(6) vs. C(16).
mals was reduced with concomitant reduction of
testosterone [28-30] suggested the possible involve-
ment of androgens. However, Singh and Handelsman
[31] have shown that neonatal treatment of hpg mice
with testosterone does not change subsequent numbers
of SC in the adult mice. So, the more probable is that
the reduced number of SC in neonatal hpg testes was
due to lack of FSH. Generation of SC-selective double
knockout mouse for both androgen and FSH receptor
(FSHRKO-SCARKO mouse) [32] revealed that only
FSH is of importance in terms of direct effects on SC
proliferation with no synergistic or additive effect of
androgen.
Ebling et al. [33] suggested that estradiol may be
important in the initial development of male reproduc-
tive axis. Estradiol may contribute indirectly to the
proliferation and maturation of Sertoli cell via the
stimulation of FSH secretion, and is also likely to have
direct paracrine actions within the testis augmenting
the action of FSH on Sertoli cell function as shown
previously [4,7]. It has been demonstrated recently
that physiological levels of estrogen promotes prolifer-
ation of cultured immature rat SC [34]. Though, estro-
gens are usually recognized as factor inducing detri-
mental effects on SC number and function, it is sug-
gested that this effect may depend on the blood con-
centration of the hormone [35,36]. In our study contin-
uous administration of TP increased blood level of
estradiol but FSH secretion did not increased suggest-
ing that estradiol might participate in inhibition of tes-
ticular growth and SC number independently of FSH
secretion.
After neonatal TP administration except from the
decrease in FSH levels on 6th PND, a dramatic
decrease of estradiol level was observed. The main
sites of estrogen synthesis in the fetal and postnatal
testis of rodents are SC [18,24]. The possible explana-
tion of the decrease in estradiol level by TP might be
the inhibition of FSH secretion or enhanced disloca-
tion of aromatase from SC into Leydig cells [18].
Namely, the same dose of TP did not cause changes in
FSH levels on 16th PND, indicating either decreased
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Fig. 1. Testes weight (A), seminiferous tubule diameter (B), seminiferous tubule length (C) and Sertoli cell number (D) in 16-day-old rats
treated with vehicle (C) or with 2.5 mg of tes-tosterone propionate (TP) in different periods of neonatal life [TP1-5(16), TP1-15, TP5-
15]. Values are means ±SD. ap<0.001; bp<0.05 vs. C
sensitivity of the pituitary to negative feedback inhibi-
tion during postnatal development [37,38] or increased
aromatization of testosterone in Leydig cells, a new
setting of estradiol production.
In conclusion, presented here study revealed high-
est concentration of estradiol in first 5 neonatal days
that naturally decreased during further development. It
is likely that TP administration during the first 5 PNDs
resulted in decreased testes growth and SC number
through inhibition of FSH secretion. During further
infantile period testosterone through increased aroma-
tisation to estradiol might participate to the sustained
inhibition of testes growth and decreased SC number.
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